In continuation of previous work, exudate flavonoid profiles of 22 new accessions of the genus Primula L. aligned to different subgenera were studied for the first time. Profiling was done by comparative TLC and UV-HPLC against authentic marker compounds. Most of the studied species accumulated the typical Primula flavonoids, comprising derivatives of unsubstituted flavone, of 5,8-or 5,6-hydroxyflavones including partly highly oxygenated flavones, together with 2,2´-diOH-chalcone in their exudate. The profile of P. edelbergii belonging to subgen. Sphondylia differed largely from the majority of Primula species studied so far, showing accumulation tendencies similar to those observed earlier for the closely related genus Dionysia. The phylogenetic significance of this diversification is shortly addressed.
In a preceding publication on exudate flavonoids of Primula [1] , a survey was given on the so far known flavonoids typically found in exudates of Primula species. This large genus of about 400 species has its centre of diversification in the eastern Himalaya where almost 75% of the species occur. Numerous species grow in alpine regions in the Northern Hemisphere, and fewer in lowland regions of Europe and North America [2] [3] [4] . Production of oily or farinose exudates (farina) on aerial surfaces of leaves, stems, calyces and flowers is a conspicuous character for this genus [5, 6] . These exudates consist primarily of unsubstituted flavone and of other flavones with unusual substitution patterns, which are probably derived from a still unidentified biogenetic pathway [1] . Similar accumulation tendencies were observed in a comprehensive study on exudates of the closely related genus Dionysia [7] . However, a series of Dionysia spp. was found to produce also flavonoids derived from the regular biosynthetic pathway, either in addition or instead of the typical Primula flavonoids. The significance of this result was discussed recently, particularly in respect to molecular phylogenetic data, which indicated that Dionysia should be better incorporated in Primula [8] . Biogeographic distribution and molecular data strongly suggest that both Dionysia [8] and the Central European Primula species [9] bear derived status in the phylogeny of Primula. Exudate flavonoid profiles of 22 new accessions from four different subgenera of Primula were analyzed now for the first time. Results are summarized in Table 1 and will be discussed in relation to the subgeneric classification of Primula and its relationships to the genus Dionysia.
Subgen. Sphondylia (DUBY) RUPR.: This subgenus comprises the single section Sphondylia only, which consists of eight species and represents a morphologically, geographically and ecologically isolated group [10] . Primula simensis Hochst. and P. edelbergii O. Schwarz were the two species studied here. While P. simensis showed typical Primula flavones such as unsubstituted flavone, 2´-OMe-flavone, 2´-OH-5´-OAc-flavone, 3´-OMe-flavone and 5,8-diOH-flavone, P. edelbergii exhibited an unusual exudate composition including 2,2´-diOH-chalcone, 5-OH-8-OMe-flavone and 3-acetoxy-3-phenyl-propiophenone, but no trace of unsubstituted flavone, which is one of the most prominent Primula components present in nearly all the species studied so far. In addition, an unknown compound, not yet isolated due to the lack of material, is found to be predominant in this exudate. (Table 1 ). Sect. Glabra is a small section consisting of only three species. Primula glabra Klatt is efarinose like the other two species, and thus its exudate contained only low amounts of flavonoids, with unsubstituted flavone as the only compound present. The exudate profile of P. dickieana Watt, belonging to sect. Amethystina, showed a more diversified pattern of flavonoid aglycones consisting of flavone, 2´-OMe-flavone, 2´-OH-5´-OAc-flavone, 3´-OMeflavone and 5-OH-2´-OMe-flavone. Both P. tibetica Watt and P. involucrata Duby non Sweet of sect. Armerina excreted only unsubstituted flavone. By contrast, this compound, together with 5,8,2´-triOH-flavone, were the predominant constituents in exudates of P. sikkimensis Hooker f. and P. firmipes Balf. f. & Forrest of sect. Sikkimensis. The rarely accumulated 2,2´-diOH-chalcone was also detected in the latter species. Primula glomerata Pax was the only species of sect. Capitatae analyzed now. It showed a similar exudate composition as P. capitata, a species belonging to the same section that has been studied earlier [1] , with flavone and 5,8-diOHflavone as major compounds. Primula rosea Royle of sect. Oreophlomis did not display a wide spectrum of compounds in its exudates. The main components were flavone and 2´-OMe-flavone. Flavone and 5-OH-flavone were the two prominent components in exudates of P. darialica Rupr. and P. specuicola Rydb. of sect. King of sect. Muscaroides showed a limited excretion capability, exhibiting only flavone and some of its methyl ethers in traces. Although described as being slightly farinose [4] , the analyzed sample did not exhibit any farina, which may account for the low amount of obtained exudate.
Subgen. Auriculastrum SCHOTT.: This subgenus comprises 5 sections, one of the largest being sect. Auricula with 22 species, growing on the mountains of central and southern Europe. Primula hirsuta All. exhibited unsubstituted flavone as the sole compound. Although this species has been studied for both tissue and exudate flavonoids, only the tissue constituents have been structurally identified [11] . These include glycosides of 7,2´-dihydroxyflavone, which is frequently found as aglycone in exudates of Primula. The significance of this result is not yet clear, but it certainly shows that biosynthetic enzymes for this compound may also be present in tissue and not only in glandular hairs. Primula glaucescens Moretti non Reichb. exhibited unsubstituted flavone accompanied by some other typical Primula flavonoids. Profiles of P. minima, P. wulfeniana and P. clusiana (all in subsect. Arthritica) revealed none of the typical Primula flavonoids, but contained some other unknown compounds. The separation and isolation of these components will be subject of further studies when more material is available.
Subgen. Auganthus (LINK) WENDELBO: This subgenus consists of eight sections. Primula forbesii Franch et was the only species of sect. Monocarpicae analyzed in this study. Unsubstituted flavone was the major component detected, followed by traces of some of its methyl ethers.
Discussion
In contrast to previous works [1, 7] herbarium specimens were analyzed now in addition to material from cultivation. Flavonoids are known to be stable on herbarium sheets that are more than one century old [12] , and their stability could also be proved in the present study. Thus, the major exudate compounds were unsubstituted flavone and 5-OH flavone, which were accompanied by their methyl ethers, all of them the typical Primula flavonoids with a presumably specific biosynthetic origin. It is highly interesting that, so far, only flavones and structurally related chalcones are found in the exudate profiles, despite the large morphological diversity observed in this genus. However, when species of subgen. Auriculastrum are screened, some taxa deviated by lack of Primula-type flavonoids. Also, some species such as P. tibetica, P. involucrata and P. glabra had much reduced exudate profiles, consisting sometimes of unsubstituted flavone only. Similar observations have recently been made for some species of Dionysia [7] . Eventual correlations with excretion structures and features should be studied in more detail to be able to explain these discrepancies.
Further interesting observations were made in P. edelbergii of subgen. Sphondylia. Wadi and coworkers have reported earlier that P. edelbergii differs palynologically from other Primula spp. [10] . This is in line with the results of our study, in which no Primula flavonoid but 2,2´-diOH-chalcone could be detected. Furthermore, P. edelbergii exhibited 3-acetoxy-3-phenyl-propiophenone and 5-OH-8-OMe-flavone. Presence of these compounds, though in traces, is rather surprising, as they have not been detected in any other Primula species analyzed in this and earlier studies [1] . While 5-OH-8-OMe-flavone is well-known from Dionysia, and the presumable precursor 5,8-diOH-flavone occurs frequently in Primula exudates, 3-acetoxy-3-phenyl-propiophenone isolated for the first time as a natural compound from D. diapensifolia [13] is a rare compound of restricted distribution. This particular compound may be a chemical marker in view of the close relationship between the genus Dionysia and Primula subgen. Sphondylia [8] . Primula edelbergii, moreover, is native to Afghanistan, which is one of the major distribution areas of Dionysia [14] .
Recently 7,3´,4´-tri-O-methylquercetin, a flavonol of the regular biosynthetic flavonoid pathway, was surprisingly reported as exudate constituent of P. spectabilis Tratt. [15] . This is the first time that a flavonol with a classical 5,7-substitution has been found in exudates of a Primula species. However, such compounds do occur in exudates of several Dionysia species, so it was only a question of analyzing more samples to find similar structures also in Primula exudates. These results challenge the assumption that Primula is free from flavonoids arising from normal biosynthetic pathway. Furthermore, preliminary analysis of some other European alpine species also showed some deviation from the exudate flavonoid pattern claimed to be typical of Primula (Bhutia, in prep. ). This is interesting from the evolutionary point of view as the European Exudate flavonoids in further Primula spp.
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alpine Primula species are known to be more derived [9] . The parallels with Dionysia are intriguing and suggest that in both cases these diversifications may be indicative of the evolution within the Primula-Dionysia assemblage. To assess this assumption, further research remains to be done in profiling additional taxa for exudate flavonoids.
Experimental
Plant material: Fresh samples were collected from plants cultivated in the Botanical Garden of the University of Zurich, Switzerland, as well as from the Botanical Garden of the University of Vienna, Austria, and air dried for analysis. Voucher specimens from the collected plant samples were deposited at the Herbarium WU, University of Vienna, Austria. Herbarium specimens were ordered from Kyoto University Museum, University of Kyoto, Japan, and from Herbarium WU. The source of each specimen is given in Table 1 .
Extraction and isolation:
In order to dissolve the lipophilic components excreted on the surfaces, the shade-dried aerial plant materials were rinsed carefully using acetone at room temperature. For rinsing the herbarium specimens, these were removed cautiously from their sheets and subsequently mounted back again in the original position. The acetone filtrate obtained was then dried using a rotary-evaporator to give a crude extract, which was suspended in MeOH and further subjected to TLC and HPLC. Comparative TLC was performed on Merck silica gel 60 using a solvent mixture of Toluen-Dioxane-HOAc/75-25-5. Chromatograms were viewed under UV light, before and after spraying with Naturstoff reagenz A (0.5% of diphenylboric acid 2aminoethyl ester in MeOH). The identification of the compounds was achieved co-chromatographically with HPLC and TLC by using authentic markers obtained from E. Wollenweber. HPLC analysis was performed with an Agilent 1100 Series equipped with a UV Diode Array Detector using a Hypersil BDS-C18 column (5 μm, 250 x 4.6 mm, flow rate 0.5 mL/min) with mobile gradient MeOH 55-100% in aq. buffer (15 mM H 3 PO 4 , 1.5 mM Bu 4 NOH). The detection range was 230-360 nm.
